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Table 1. Summary of bathymetric sampling and mean daily water levels at Lake Bluff 10-Mile, 
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The return of self-sustaining lake trout (Salvelinus namaycush) populations in Lake 
Michigan is a long-standing rehabilitation goal of the Illinois Department of Natural Resources 
(IDNR) Division of Fisheries and the Great Lakes Fishery Commission.  Annual stocking of 
juvenile lake trout at sites lake-wide since 1965 has succeeded in building up spawning 
populations but until recently only minimal natural reproduction had been documented.  
Patterson et al. (2016) evaluated IDNR’s fall spawning assessment data and found similar 
abundances of mature lake trout in recent years at un-stocked Waukegan Reef compared to 
Julian’s Reef, the only site stocked annually within the Illinois management unit.  These results, 
combined with high relative catches (~50%) of unmarked ‘wild’ lake trout adults at both reefs in 
recent years, have prompted the initiation of fall spawning assessments at additional offshore 
reefs in Illinois waters of Lake Michigan. 
Identifying and monitoring previously un-sampled lake trout spawning sites is essential 
for developing effective protection policy for critical habitat and adjusting stocking and harvest 
regulations for this important, native predator and sport fish.  Attaining geo-referenced 
bathymetry data and developing accurate maps of potential spawning reefs is an important next 
step in the planning and implementation of lake trout spawning assessments at un-sampled reefs 
in Illinois.  Thus, the objectives of this project were to 1) document the location and extent, 2) 
collect bathymetry data, and 3) create contour and three-dimensional bathymetric maps of 
offshore reefs in Illinois’ portion of Lake Michigan.  Results of this project will aid IDNR in 
measuring the extent of lake trout rehabilitation success and identify important potential 
spawning habitats that may be targeted for future protection and/or enhancement.  It will also lay 
groundwork for potential future research using side-scan sonar and telemetry to understand the 





 Bathymetry data were collected and mapped at three new offshore reefs in Illinois waters 
of Lake Michigan: 1) Lake Bluff 10-Mile Reef, 2) Lake Bluff 18-Mile Reef, and 3) Gumby Reef, 
as well as an area of interest immediately north of Wilmette Reef (Figure 1). 
 Previous work by Collinson et al. (1979), Holm et al. (1987) and Fucciolo (1993) as well 
as observations from past IDNR sampling events and coordinates provided by anglers were used 
to approximate the location of each reef.  Survey lines were plotted prior to a sampling event 
using SonarWiz5 and Maptech Offshore Navigator software.  The resulting survey grids were 
used for vessel navigation during data collection.  Within all survey grids, data were also 
collected along perpendicular or intersecting survey lines to increase sample coverage as time 
and resources allowed (Figures 2 & 3). 
 A single beam FURUNO echo sounder LS-6100 (200 kHz) with a thru-hull transducer 
and Standard Horizon CP180 GPS installed onboard the RV Sculpin was used to collect 
bathymetry data.  Data points included water depth to 0.1 m and vessel position (latitude and 
longitude) and were generated every 2-3 seconds along the predetermined survey lines.  Vessel 




speed during surveys was approximately 2.8 m/s and a data point was recorded every 5.6 - 8.4 m 




Post-sampling, data from the nearest NOAA water level gauging stations (Calumet Harbor, IL 
and Milwaukee, WI) were used to correct bathymetric data for changing water surface elevations 
(relative to chart datum; 176.0 m), because surveys were conducted on multiple dates. Using data 
from both gauging stations (https://tidesandcurrents.noaa.gov/stations.html?type=Water+Levels), 
daily average water level was calculated and used to approximate the water level during surveys 
on a given date (Table 1). 
 Point data for each reef were then imported into ArcMap (ESRI, 2019) and distributions 
of measured depth were examined to identify outliers.  Extraneous data, such as that collected 
while approaching or leaving a survey grid area, and identified outliers were removed to limit the 
influence of non-representative points during geo-statistical grid creation.  Upon normalization, 
Ordinary Kriging (ArcMap Geostatistical Analyst tool) was used to produce a continuous geo-
statistical layer for each reef.  Predicted depths were compared to measured values to assess the 
accuracy of depth predictions at unmeasured locations (R2 > 0.99; Figure 4).  Then, using each 
geo-statistical layer, two and three-dimensional surfaces and contour maps were produced for 
each reef. 
 Additional work completed during the project period included linking the map of Lake 
Bluff 10-Mile Reef to the map of the Waukegan Reef complex.  Following the methodology 
previously outlined for each individual reef, point data from bathymetric surveys conducted 
previously at Waukegan North, South, and East reefs (Redman et al., 2017, 2018) were 
combined with those collected at Lake Bluff 10-Mile Reef and additional area between it and 
Waukegan South Reef during this project (2019).  Total survey coverage of this area from 2011, 
2017, and 2019 data collection is shown in Figures 1, 19, and 20.  Two-dimensional maps of 
Lake Bluff 10-Mile Reef, Gumby Reef, Lake Bluff 18-Mile Reef, and an updated map of the 
Wilmette Reef area are available to the public within the “Fish Habitat” Tab on the Lake 





 On two occasions, a drop camera was used to survey bottom substrate.  These surveys 
represented a preliminary trial of the equipment which is intended for future use under a more 
rigorous study design during side-scan sonar surveys to identify contrasting benthic substrate 
types.  Three GoPro Hero6 cameras were affixed to a metal frame (two facing opposite 
directions to the side and one facing down) and lowered to the bottom at Wilmette Reef (5 Sept) 
and Lake Bluff 10-Mile Reef (8 Oct).   
 On each occasion, multiple transects were conducted (N = 2 at Wilmette Reef and N = 4 
at Lake Bluff 10-Mile Reef) each consisting of ten separate drop points.  After positioning the 
vessel over the desired point on the reef, the camera frame was lowered to the bottom and left in 
place as the wind or current moved the vessel for 10-20 seconds at which point the frame was 
raised and the line allowed to straighten such that it would then fall into a new location directly 
under the boat’s new position when lowered.  At each drop point, the latitude and longitude was 




noted using the boat’s GPS unit immediately upon the frame landing on the bottom.  Videos 
were viewed and dominant substrate types assigned to each drop point.  
RESULTS & DISCUSSION 
 
Lake Bluff 18-Mile Reef 
 Lake Bluff 18-Mile Reef was near the location described in previous reports (listed in 
Methods), with the center of the summit located roughly 0.8 km from the center of the mapped 
location of the reef in Fucciolo (1993).  The actual size (approximately 1.4 km across) and 
orientation (southwest to northeast) of the reef, however, differed from that described previously 
(approximately 2.4 km across and oriented NNW to SSE).  Due to the large reported size of the 
reef, initial transects (conducted on 30 August 2017 and 13 August 2018) consisted of 7.2 km 
North-South transects, which were shortened and targeted on the reef itself after initial data was 
analyzed to show the accurate size and location of the reef.  The final day of data collection 
consisted of eight 3.2 km North-South transects followed by several additional East-West and 
diagonal transects across the summit of the reef and nearby surrounding area.  In total, 19,646 
data points were collected along 152.3 line km of lake bed and used to produce a 17.7 km2 
bathymetric surface ranging in water depth from 69.0 to 83.1m (Figures 5, 6, & 7).   
 Lake Bluff 18-Mile Reef lies in approximately 75 m of water on the western side and 
79m of water of the eastern side and rises to a crest of approximately 73 m (87.47702˚ W, 
42.2904˚ N, approximate midpoint of shallowest depth).  The steepest slopes were observed on 
the northern edge of the reef.  In terms of overall prominence above the surrounding lake bed, 
Lake Bluff 18-Mile is one of the smaller reefs documented in this project. Situated roughly 18 
miles due east of the town of Lake Bluff, IL, it is the farthest offshore reef documented by this 
project. 
 
Lake Bluff 10-Mile Reef 
 The location of Lake Bluff 10-Mile Reef (approximately 10 miles east of Lake Bluff, IL) 
was provided by a charter boat captain and is commonly referred to among anglers as “Lake 
Bluff Reef.”  In historic reports, the reef described in the previous section was referred to as 
“Lake Bluff 18-Mile Reef”, thus it was decided to retain that name and refer to this reef (not 
previously described in any technical reports) as “Lake Bluff 10-Mile Reef” in order to 
distinguish the two.  Across three days in June and August of 2019, 17,424 data points were 
collected along 107.5 line km of lake bed and used to produce a 10.5 km2 bathymetric surface 
ranging in water depth from 30.4 m to 48.0 m.  
 The form of Lake Bluff 10-Mile Reef differs from other reefs described to this point.  
While it does consist of a large prominent area protruding from the uniform contour lines into 
deeper water, the highest point is atop a much smaller, nearly conical, prominence located on the 
western edge of the main body of the reef (Figures 8-10).  This small prominence (approximate 
area 0.23 km2) rises 8 m above the larger (approximately 1.98 km2) body of the reef that 
protrudes from the typical sloping lake bed.  Also present is a small (< 0.1 km2) conical 
prominence ~0.6 km south of the main summit of the reef, hereafter we refer to this as the 
“South Hump.”  At the edge of our map, the South Hump appears to potentially be connecting to 
another small prominence.  This corresponds well with the map provided by Fucciolo (1993) 




which shows two small mounds south of a large mound in this vicinity.  Further work should 
focus on this area to understand the extent of this complex of relief structures.  
 Further transects were completed in order to fill the small gap between the mapped area 
of the Waukegan Reef Complex (Redman et al. 2019) and the mapped area of Lake Bluff 10-
Mile Reef; a map of the area is provided in Figures 18 & 19.  
 
Gumby Reef 
 The location of Gumby Reef was not available from any previous reports or online 
resources.  Coordinates were estimated using a screenshot from an on-board GPS unit sent by an 
angler to IDNR personnel showing the approximate location of the reef as well as 2’ latitude and 
longitude gridlines.  Though it hasn’t been described previously in reports as a lake trout 
spawning area and is absent from previous maps of offshore reefs (Fucciolo 1993), Gumby Reef 
is a popular location among anglers seeking salmon and lake trout.  Initial transects were drawn 
in a grid over the area surrounding the roughly estimated location.  On the first day of the survey, 
the middle transect of the grid (theoretically going over the center of the reef) was first to be 
driven.  The reef was found south of the suspected location and transects were redrawn on the 
spot.  
 Sampling was conducted on 17 July and 19 August, 2019.  In total, 9,800 data points 
were collected along 71 line km of lake bed and used to produce a 6.9 km2 bathymetric surface 
ranging in water depth from 24.5 m to 44.6 m (Figures 11-14).  Similar to the form of Lake Bluff 
10-Mile Reef, Gumby Reef consists of a large mound with a smaller, more prominent cone on 
the west side of the mound.  This small prominence (approximate area 0.02 km2) rises 4 m above 
the larger (approximate area 0.65 km2) body of the reef that protrudes from the typical sloping 
lake bed.  Overall, the reef lies in 35 m of water to the west and 42 m of water to the east and 
rises to a prominence of 24 m.  
 
R-4 North 
 While in transit to Wilmette Reef to conduct fall spawning surveys in 2018, IDNR 
personnel noted the presence of significant bathymetric structure in an area 2 – 3 km north of the 
reef.  This location was noted and bathymetric surveys of the area were conducted on 24 July and 
5 September, 2019.  In total, 7,046 data points were collected along 37 line km of lake bed and, 
when combined with bathymetric data previously taken and reported on covering Wilmette Reef, 
used to produce a 13.1 km2 bathymetric surface ranging in depth from 9.1 m to 32.5 m. The 
newly mapped area did not contain a distinctly prominent point, but many minor humps and rises 
were present beyond the typical gradually sloping lakebed (Figures 15-17).  
   
Underwater Video 
 The first video survey occurred on September 5th, 2019 at Wilmette Reef and suffered 
from technical difficulties that resulted in the camera frame landing on its side for several points 
of each transect.  However, the video that was properly captured provided an updated 
observation of Wilmette Reef since it had been previously surveyed in the early 1990s (Edsall et 
al 1992).  The clean bedrock ridges and rubble seen in historical pictures are now covered with 




Dreissenid mussels which are themselves covered by a thick mat of Cladophora (Figure 20).  
Large numbers of round goby (Neogobius melanostomus) were also present on Wilmette Reef. 
 The video survey of Lake Bluff 10-Mile Reef on October 8th, 2019 yielded more 
successful videos providing the ability to compare benthic substrate at contrasting points on the 
reef (Figure 22).  Transects on the north and west slopes of the main body of the reef (Figure 21) 
show the bottom to be largely covered with sand and scattered cobble, with occasional areas of 
fractured bedrock shelving.  The eastern plateau (a flat area rising above the lake bed adjacent to 
the main prominence of the reef; Figure 21) had a higher density of cobble and boulders 
interspersed with sand.  The summit transect showed a dominance of rocky substrate including 
fractured bedrock and piled cobble/boulders with large amounts of interstitial space.  At one 
point, ten lake trout were visible over an area of dense rocky habitat likely assembling in 
preparation for spawning (Figure 22).  Though some small clear areas of sand existed, the vast 




 The maps developed during this project are the most recent, best-available descriptions of 
bottom contours at Gumby, Lake Bluff 10-Mile, and Lake Bluff 18-Mile Reefs and have already 
aided IDNR’s efforts to evaluate lake trout spawning aggregations at un-stocked reefs.  The 
bathymetry map of Lake Bluff 10-Mile Reef was used to determine gill net placements during 
the 2019 fall lake trout spawning assessment (Figure 19).  Spawning-condition lake trout were 
caught at this previously un-sampled location, with over half (55%) being unclipped (presumably 
wild) fish (Robillard and Stacy-Duffy, 2020)  
 The mapped area encompassing the Waukegan Reef Complex and Lake Bluff 10-Mile 
Reef represents the largest contiguous area mapped to date under this project.  As a broader 
picture emerges of the distribution of large reefs across the Illinois waters of Lake Michigan, 
visualization of these reefs in context with each other will help to understand their role, not as 
individual structures, but as parts of a greater network of potential spawning habitat.  The reef 
descriptions and maps documented herein provide the groundwork for future research which will 
aid our understanding the role this network of habitat plays in lake trout spawning and ultimately 
the restoration of this valuable, native species. 
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Table 1.  Summary of bathymetric sampling and mean daily water levels at Lake Bluff 10-
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Figure 1.  Location map illustrating survey coverage of all offshore reefs mapped by the Illinois 
Natural History Survey in the Illinois waters of Lake Michigan.  Newly mapped reefs for this 
report include Lake Bluff 10-Mile Reef,  Lake Bluff 18-Mile Reef, Gumby Reef, and a northern 
portion of the Wilmette Reef area.  Note that color schemes do not represent continuous depths 
across reefs, but are used to illustrate the bathymetric structure of each reef individually. 






Figure 2.  Display of survey tracks overlaying interpolated 1 m contour lines at the a) Lake Bluff 
18-Mile Reef, b) Gumby Reef, and c) Lake Bluff 10-Mile Reef survey areas.  Gray dotted lines 
denote position of vessel during sampling and thin black lines denote position of vessel during 











Figure 3.  Display of survey tracks overlaying interpolated 1 m contour lines at the Wilmette 
Reef survey areas. Gray dotted lines denote position of vessel during sampling and thin black 
lines denote 1 m contours. 
 
 





































a) Lake Bluff 18-Mile



























b) Lake Bluff 10-Mile
























































Figure 4.  Plots of predicted versus measured water depths from survey areas over a) Lake Bluff 18-Mile Reef, b) 
Lake Bluff 10-Mile Reef, c) Gumby Reef, and d) Wilmette Reef. 





Figure 5.  Map of Lake Bluff 18-Mile Reef with interpolated 1 m contour lines. 
 














Figure 7. A 3-dimensional bathymetric map of Lake Bluff 18-Mile Reef (1 m contours) shown from three different orientations. 






Figure 8.  Map of Lake Bluff 10-Mile Reef with interpolated 1 m contour lines. 





Figure 9.  Map of Lake Bluff 10-Mile Reef with 1 m contour lines and incrementing 1 m depth color scale. 













Figure 11. Map of the complete survey area surrounding Gumby Reef with 1 m contour lines 






Figure 12.  Close-up map of Gumby Reef with interpolated 1 m contour lines. 






Figure 13.  Close-up map of Gumby Reef with 1 m contour lines and incrementing 1 m depth color scale. 













Figure 15.  Updated map of the Wilmette Reef area with 1 m contour lines. The newly mapped 
area (from mapping conducted in 2019) is located north of 42˚ 9’ N. 






Figure 16.  Map of Wilmette Reef with 1 m contour lines and incrementing 1 m depth color 














Figure 18. Map displaying relative size and proximity of Lake Bluff 10-Mile Reef to the 






Figure 19. A 3-dimensional map displaying the relative size and location of Lake Bluff 10-Mile Reef and Waukegan Reef.  Also 















































Figure 20. Underwater images taken at Wilmette Reef showing a) historical condition of rubble piles and 
sand patches from Edsall et al. 1992, b) current condition of rocky substrate covered by invasive Dreissenid 
mussels and a native filamentous algae, Cladophora, and c) the high abundance of a second invasive species, 






Figure 21. Close-up contour map of Lake Bluff 10-Mile Reef displaying camera drop points for four separate transects conducted on 
8 October 2019. Note that the legend denotes the location of each transect upon the reef as it is described in the text.  Ten separate 


































  c)           d)          
           
 
Figure 22. Examples of benthic substrate from Lake Bluff 10-Mile Reef including a) sand with scattered cobble (note the rare open spaces clear of 
quagga mussels) on the west slope, b) sand with scattered cobble and boulders completely covered with quagga mussels on the eastern plateau, c) 
fractured bedrock shelving near the summit, and d) piled boulders and cobble on the summit providing large interstitial space for potential lake trout 
spawning. 
